The polymorphism of prion protein (PrP) amino acids in codons 136 (A/V), 154 (R/H); and 171 (Q/R/H) was established. Reproductive performance of mother sheep was evaluated analysing the fertility coefficient and litter size, i.e. the number of born and reared lambs. The studies included mothers of synthetic lines BCP -111 sheep and SCP -104 sheep born in [2001][2002][2003][2004][2005][2006][2007]. In the examined ovine PRNP gene, the following four alleles were identified: ARR, AHQ, ARQ, and VRQ, with the absence of the ARH allele. The highest frequency was determined for the ARR (49.8%) and ARQ (45.8%) alleles. In the studied sheep population, the occurrence of seven different genotypes was reported. It was found that 71.6% of the animals had the genotypes ARR/ARR, ARR/ARQ, and ARR/AHQ, which are regarded as the most resistant to scrapie, while 7.9% of the population had ARR/VRQ-bearing genotypes (low resistance) or ARQ/VRQ ones (high susceptibility to scrapie). The analysis of the obtained results indicates that the PRNP genotype does not affect reproduction efficiency of mothers, or their offspring growth. It was concluded that flock elimination of ewes of genotypes with high and very high susceptibility to scrapie will not reduce the reproduction parameters of ewes or growth of their lambs.
Mutations within the locus PrP prion protein gene are associated with the incidence of clinical scrapie (1, 12) . It is one of the neurodegenerative diseases reported in sheep. The first description of its clinical manifestations appeared in 1759 but it was not considered a disease entity until the 30-ties of the last century (17) The available literature provides a comprehensive overview of scientific papers on the PRNP gene polymorphism in different breeds of sheep (5, 7, 8, 10, 11, 16, 19) . These papers describe the proportion of animals with genotypes regarded as susceptible and sensitive to scrapie, and point at the need of final elimination of sheep with sensitive genotypes from the flocks. However, realisation of such programme may bring adverse results, causing a reduction of breeding performance. Thus, the relationship between PRNP genotypes and some performance traits need to be elucidated. The objective of the presented study was to analyse sheep reproductive performance and the growth of their offspring in relation to the polymorphic form of the PRNP gene within the codons 136, 154, and 171 occurring in their mothers.
Material and Methods
The study involved ewes of universal synthetic BCP (111 animals) and SCP (104 animals) lines, born in 2001-2007 (3) . Growth of offspring was analysed based on body weight of 996 lambs. The genomic DNA was isolated from blood using the commercial kit for isolation (A&A Biotechnology, Poland) according to the procedure recommended by the producer. The polymorphism of prion protein amino acids was established (PrP) in codons 136 (A/V), 154 (R/H), and 171 (Q/R/H). The samples were amplified and genotyped using the KASPar technology (www.kbioscience.co.uk). The PCR primers for amplification of specific DNA sequences were used according to the procedure described by Lityński et al. (8) . Frequency of genotypes and alleles of the PRNP gene were determined in the studied populations. Reproductive performance of mother sheep was evaluated analysing the fertility coefficient and litter size, i.e. the number of born and reared lambs.
The statistical analyses involved the leastsquares variance analysis (SAS 9.1.3 2003). In the model for reproduction traits: synthetic line (BCP, SCP), scrapie susceptibility/resistance group (I-V), and succeeding reproduction efficiency years were included. A separate analysis, focusing on the growth of born lambs included: effect of synthetic line, scrapie susceptibility/resistance group (I-V), succeeding reproduction efficiency years (1-7), birth type (1, 2), and sex. Data illustrating the trait values obtained for the mother groups of defined scrapie sensitivity/susceptibility are summarised in the tables presenting the least square means (LSM) and standard errors (SE).
Results
The applied molecular analyses resulted in detection of five alleles of the PRNP gene, i.e. ARR, ARQ, AHQ, ARH, and VRQ. In the present study, the following four alleles in the PRNP gene were identified: ARR, AHQ, ARQ, and VRQ, whereas no ARH allele was reported ( Table 1 ). The highest frequency was determined for the allele ARR (49.8%) and ARQ (45.8%). A similar tendency was observed when each line was analysed separately, namely in the BCP line the ARR allele (54.5%) was predominant when ARQ constituted 39.2%, and in the SCP the ARQ allele was more frequent (52.0%) while ARR constituted 45.3%. The allele AHQ rarely occurred in the studied population (0.5%), and it was present only in the sheep of BCP line.
In the studied sheep population, seven different genotypes were determined, which were allocated according to Dawson et al. (2) into risk classes of scrapie susceptibility (Table 2) . A total of 154 ewes were classified into classes I and II (the most resistant), which accounted for 71.6% of all the investigated animals. In the BCP line ewes, 74% of animals were found in the risk classes I and II, and in case of the animals from SCP line 69.4% belonged to these two groups.
Class III (low scrapie resistance) comprised 44 animals that represented 20.5% of the studied population. Higher frequency of these genotypes was reported in the SCP line -25.2% as compared to the BCP -15.4%. Class IV -low resistance, and class Vhigh scrapie susceptibility consisted of 17 ewes, that is 7.9% of the population. It is noteworthy, that the most sensitive genotypes were more frequently observed in the BCP line sheep -frequency 10.6%, as compared to 5.4% frequency in the SCP line. Fertility rate ranged from 81.4% up to 89.1%, and no relationship between this trait value and allocation to the susceptibility class was reported (Table  3) .
Growth of offspring obtained from the studied ewes was analysed on the grounds of lamb body weight (BWT) at birth, and on the 28 th and 56 th day of age (Table 4) . Lambs produced by ewes from the IV resistance class had the highest BWT at birth (5.4 kg), whereas the lowest values (4.7 kg) were observed in offspring from ewes assigned into class V. The noted difference proved to be statistically significant (P≤0.01). The lambs obtained from mothers classified into class I-III were characterised by similar body weight at birth (4.91-5.04 kg) and the values were significantly (P≤0.01) lower as compared to the offspring from mothers from class IV. The lambs from mothers in class IV were still the heaviest (13 kg) at the age of 28 d, thus, exceeding significantly (P≤0.05) the BWT of the lambs from mothers in classes I, II, and V, whose weight ranged between 18.3 and 19.9 kg. At the age of 56 d, the differences between lambs obtained from mothers in classes I-V were not statistically significant.
Discussion
Special attention should be paid to the frequency of the VRQ allele, which is considered as a marker of very high susceptibility to scrapie. This value appeared to be low (3.9%) in the studied population, yet higher frequency was noted in the BCP (5.3%) in comparison to the SCP (2.7%) line. Distribution frequency of each allele form of the PRNP gene in sheep of synthetic lines BCP and SCP were similar to that determined in most indigenous Polish sheep breeds (10). The present study has shown that the frequency of PRNP genotypes in the sheep of BCP and SCP lines with classification into risk classes resembles the frequency in the Polish Merino and Polish Lowland sheep (7) . The analysis of the presented results regarding the genotype frequency indicates a substantial proportion of the desirable ARR allele in both homozygous and heterozygous conditions. In addition, it was determined that only a small number of animals carrying scrapie susceptible genotypes allocated to IV and V risk class. Thus, the authors consider the situation to be advantageous for the breeding policy, as the genotype distribution clearly indicates the possibility of efficient genetic-based selective breeding leading to sheep flocks free from animals with alleles and genotypes susceptible to scrapie. This is in line with the results of other studies, which confirmed the possibility of increasing the frequency of genotypes resistant to scrapie up to 99.57% through genetic selection operations (15, 18) . Elimination of sheep with susceptible genotypes is also regarded as a proper management tool for scrapie prevention and control in Germany and the Netherlands (6, 9) . Importantly, the results of Hoinville et al. (4) , showing that scrapie infections are transmitted from mothers to their offspring, have also supported the purposefulness and usefulness of such measures.
Litter size at birth and by the end of the lamb rearing period was also shown not to be significantly dependent on scrapie risk class. The performed analysis allowed to state that culling animals from IV and V scrapie resistance classes will not affect the reproductive performance parameters. The studies conducted on Belclare sheep (14) , and on German meat sheep breeds (19) did not show impact of genotype in locus PRNP on litter size.
Tongue et al. (16) displayed a positive effect of the ARR allele on lamb body weight at birth, which was higher by 0.3 kg at average, whereas in VRQ allelebearing genotypes it was significantly lower by 0.6 kg. Ioannides et al. (5) , determined that ewe's genotype was associated with the performance of reproductive traits but not with total weight of lamb at birth or at weaning.
The next analysed trait -growth of offspring was not significantly dependent on scrapie risk class of their mothers. The higher body weight of lambs obtained from mothers of IV class (Table 4) resulted from a slightly lower value of litter size (Table 3) . Different results were obtained in German Blackface sheep where the beneficial association of the ARR allele with daily weight gain and higher longest dorsal muscle depth was found (20) . In summary of the results obtained in the present study, the authors conclude that a defined PRNP genotype does not affect the reproductive performance parameters of ewes or their offspring growth. Therefore, the realisation of EU law rules (999/2001/EC; 2003/100/ EC; 260/2003/EC) demanding the elimination of ewes of high and very high susceptibility to scrapie will not contribute towards a decrease in the traits values in the flock.
